The nite size of a gravitational microlenses may have an e ect on the observed the ampli cation of a background point source. The mechanism is occlusion of one or more of the source images by the opaque bulk material of the lens travels by the source. To observe this phenomenon, the lensing geometry must be nely tuned so that the physical size of the lens is very near its Einstein radius. While this condition makes the probability of an occlusion event very low, if such an event is detected then the surface acceleration of the lens is constrained to within a geometrical factor related to the lens-observer distance. This information may provide a key to the identity of the lens.
Introduction
The purpose of this short note is to discuss a particular gravitational microlensing con guration such that the physical size of the lens, projected onto the plane of the sky, is comparable to the Einstein radius. In this case the e ects of occlusion by the bulk material of the lens can lead to quite distinctive lightcurves that yield new information about the lens. This lensing geometry is most likely relevant to local lenses and distant point sources, thus it compliments con gurations with nite-size sources and point lenses that were considered by Nemiro and Wickramasinghe (1994) .
In the ongoing work on microlensing of sources in the Large Magellanic Cloud and in the bulge of the Milky Way (Alcock et al., 1993 , Aubourg et al., 1993 , detectors seek time-symmetric ampli cation of light by a lens that has constant velocity with respect to the source; the peak ampli cation is the point of minimum angular separation. Unfortunately, in the ampli cation factor there exists a degeneracy between the mass of the lens M and the plane-of-sky speed v relative to the background source, so that only the quantity M=v 2 can be determined in the lightcurve generated by a point-mass microlens.
Here, we consider possible e ects of bulk material in a compact spherical lens on a microlensing lightcurve. There are at least two possible lightpaths around the lens between a point source and the observer. If the material in the lens occludes any of these lightpaths as the lens travels by the source, then the lightcurve will have a distinct form which yields a new degenerate relationship between the lens radius and its plane-of-sky speed. The value of this new relationship is that it can be trivially coupled with the conventional mass-speed degeneracy to provide a constraint on the gravitational acceleration at the surface of the lens, a piece of information which can help to identify the lensing object. It is the goal of this brief report to determine the geometry and type of lensing objects for which image occlusion can be occur. 
where is the distance in radians between the source and lens in the plane of the sky if space were not curved by the lens; the Einstein radius, E , is de ned as
where M is the mass of the lens, D s is the observer-to-source distance, D l is the observer-to-lens distance, and G is the gravitational constant. When the lens and source are coaligned with the observer (i.e., = 0) then the source appears as an Einstein ring of radius E and high ampli cation (unbounded in the ideal case of point lens and point source). When the lens and source are not coaligned with the observer, two images of the source appear, one on either side of the lens in the plane of the sky. The primary image, de ned as the one which survives in the limit of zero lensing mass, is on the same side of the lens as the source. It contributes the A + term to the ampli cation factor in equation (1). The secondary image, generated by photons on a lightpath to the far side of the lens, contributes the A ? factor.
The lightcurve of a xed point source produced by a mass with constant angular velocity of magnitude _ is given by equation (1) where t is time and b is the angle of minimum separation. Measured lightcurves are t with two parameters, E = _ and b= _ , using equations (3) and (4), hence the degeneracy between the lens mass and speed is clear.
The above results hold for any spherical lens of nite size so long as the photon trajectories do not pass inside the lens where the density is non-zero. If we assume that the lens contains opaque material inside its radius R|corresponding to a disk of radius l = R=D l in the plane of the sky| then photons that travel within it do not make it to the observer. In this quantitative terms, occlusion will occur if < l ;
(5) where + and ? are the sky positions of the primary and secondary images respectively, given by 1 2 2 + 4 2 E 1=2 :
The possibility of image occlusion by a spherical lens of nite radius is evident in Figure 1 . The
Figure shows primary and secondary images for two circular sources at a distance D s = 2D l . We note that as the sky separation between the lens and a source decreases, the primary image moves toward the Einstein radius from outside the Einstein ring while the secondary image converges on E from within. If the lens radius is such that l = E (corresponding to the large circle in Fig. 1 ) then the secondary image will always be occluded, no matter what the trajectory of the lens relative to the source. Thus, an opaque lens that exactly lls its Einstein radius yields a lightcurve given by A + alone.
More dramatic lightcurves can occur if the lens occludes a region that is either larger or smaller than the Einstein ring. If l > E , than a possible lightcurve might increase according to A + then drop to zero as the primary image becomes occluded near the distance of closest approach. If l < E , the primary image will always be visible but near the distance of closest approach a spike will occur in the lightcurve as the secondary image clears the disk of the lens. These cases are illustrated in Figure 3 . The discontinuities in the lightcurves of Figure 3 clearly can be translated into constraints on the radius of the lens. Just as the ampli cation pro le can be t to determine M= _ 2 , the width of a discontinuity gives l = _ . Thus, a lightcurve of this type gives the ratio M=R 2 , proportional to the surface acceleration of the lens, to the extent that the geometrical parameters D l and D s are known. Indeed, a detectable occlusion event with an ampli cation factor of 2 or more requires that l must be equal to E to a good approximation, so that we may read o the surface acceleration a directly from the geometrical factors:
a result which follows from the ratio of E l = R=D l and equation (3).
We now address the conditions under which such lightcurves might be observed. The principle constraint is that the physical radius of the lens corresponds to an observed disk around the size of the Einstein radius; we therefore consider R E D l E as a function of D l . Figure 2 illustrates that for lenses of density around 1 g/cm 3 and sources at D s 50 kpc occlusion will occur if D l is around 0.1{1 pc. Thus brown dwarf lensing of Large Magellanic Cloud sources would produce the e ect discussed here only in an extremely limited geometry. The duration of a lensing event from a brown dwarf would also test current detectors which sample at rates of tens of minutes (EROS CCD experiment; Aubourg et al., 1993) to once daily (MACHO Project; Alcock et al., 1993) . A Jupiter-size object traveling at 100 km/s along the sky plane would yield an event timescale of roughly 10 minutes.
The e ect is possible over a much broader spatial range, from D l = 0:5{0.95% of D s , for very small objects of radii around 1 km of similar density. However, for objects of this size, deviations from sphericity may be considerable. Furthermore, if the speed of these objects were typical of the galactic halo, the duration of the lensing events would be fractions of a second. The symmetry in the geometrical parameters in equation (3) suggests that occlusion is also possible when the lens is near the source. In this case the nite size of the source must be treated explicitly, as in Nemiro and Wickramasinghe (1994) . We anticipate that for a brown dwarf lens, the size of the source will be much larger than R E and the e ect of occlusion will be diminished.
Discussion
The original motivation for considering gravitational lenses of nite size was to explain a feature of the \golden event," the lightcurve rst released by the MACHO collaboration (Alcock et al., 1993 , Fig. 2 therein) ; Could the single point nearest the peak of the lightcurve that lies well above the theoretical pro le be evidence for an occlusion event? The upper plot in Figure 3 is suggestive that such a mechanism might account for the MACHO data, however, the lensing parameters do not favor this explanation. If the lens were part of the halo, the surface gravity and sky velocities would be unbelievably low. The situation is better for a local lens at D l 1 pc, with a predicted size of 10 3 km when the density is 1 g/cm 3 . Still, the velocity is a problem; to sustain the observed event duration, the speed in the sky plane must be 10 ?2 km/s. P. Quinn of the MACHO collaboration saves us from further speculation along these lines by noting (private communication) that the the \spurious point" is not the one which lies above the theoretical curve in the MACHO data; instead 3 .|Lightcurves illustrating the e ects of occlusion. The top curve is the case where l < E ; evidently, the secondary image is occluded except when the lens is nearest the source. In the bottom curve, l > E ; here the secondary is obscured at all times, while the primary is occlude near the point of closest approach.
it is a point (also near the peak of the lightcurve) which lies below the curve that has probably caused the maximum ampli cation to be underestimated.
We have brie y considered a phenomenon of gravitational lensing involving image occlusion that is possible with compact spherical masses. Light pro les characteristic of occlusion events are quite distinctive and yield the surface acceleration of the lens as well as the usual constraints on the lens mass. However occlusion events require a highly speci c lensing geometry, thus they are expected to be extremely rare, even in terms of standard microlensing events. Nonetheless, in light of the high volume of data that is accumulating in microlensing experiments, the detection of a lightcurve with the characteristics described here would be of great signi cance for identi cation of the lens.
